Background Water hyacinth (Eichhornia crassipes) is one of the worst weeds in the world. Composting is one of the most economical ways for the treatment and final disposal of water hyacinth, because it combines material recycling and biomass disposal. A major restriction of land application of water hyacinth compost is the possible high heavy metal concentration in the final product. Zeolites may be useful as metal scavengers in metal-rich water hyacinth compost. The speciation of heavy metals (Zn, Cu, Mn, Fe, Pb, Ni, Cd and Cr) was done according to Tessier's sequential extraction method during water hyacinth composting mixed with cattle manure, sawdust and natural zeolite. The water hyacinth, cattle manure and sawdust were taken in the 6:3:1 ratio with 5, 10 and 15 % natural zeolite, respectively. Results The temperature was measured in the range of 48.6-56.2°C in control and zeolite treatments. Higher reduction of exchangeable (F1) and oxidizable (F4) fractions of Zn was observed about 72.8 and 79.6 %, respectively, in zeolite 1 treatment but higher reduction of carbonate (F2) and reducible (F3) fractions was observed about 70 and 37 %, respectively, in zeolite 2 treatment. The F1, F2, F3 and F4 fractions of Cu and Fe were reduced in the control and all zeolite treatments. The F1, F2, F3 and F4 fractions of Mn were reduced significantly in the all zeolite treatments in comparison to control. The bioavailability factor (BF) of Zn, Cu, Mn, Fe, Ni, Cd and Cr was reduced significantly in zeolite treatments in comparison to control. There was no significant change observed with BF of Pb in zeolite treatments. The total concentration of Pb was higher than Zn, Cu, Mn, Ni and Cr but its BF was lowest among the all these metals. Conclusion Addition of optimum percentage of natural zeolite was successful for enhancing degradation of organic matter and reducing bioavailability of heavy metals during water hyacinth composting mixed with cattle manure and sawdust. The bioavailable fractions of heavy metals were effectively correlated with pH and TOC in control and zeolite 1 treatment as compared to zeolite 2 and 3 treatments.
Introduction
The composting is one of the most common methods for treatment of water hyacinth. But due to the presence of toxic contaminants such as heavy metals in the final compost, application of its compost to agricultural land is restricted Kalamdhad 2012a, 2013a, b) . Water hyacinth can accumulate heavy metals in their body (Malik 2007) . Heavy metals uptake through plants and successive accumulation along the food chain is a probable hazard to animal and human health, if heavy metal-contaminated compost has to be applied to soil (Wong and Selvam 2006) . Therefore, the mobility and bioavailability-related ecotoxicity to plants depend strongly on their specific chemical forms rather than the total concentration (Nair et al. 2008) . Sequential extraction of heavy metals during the composting process is a useful technique for determining the chemical speciation (Walter et al. 2006) . Assessment of the chemical speciation of heavy metals in compost assists to evaluate their bioavailability and suitability for land application (Wong and Selvam 2006) .
The zeolites are naturally occurring hydrated aluminosilicate minerals that occur as three-dimensional frameworks of SiO 4 and AlO 4 tetrahedra (Villasenor et al. 2011) . The aluminium ion is small enough to occupy the position in the centre of the tetrahedron of four oxygen atoms, while the isomorphous replacement of Si 4? by Al 3? produces a negative charge in the lattice. The exchangeable cations such as Na, K or Ca help in balancing net negative charge. These cations are exchangeable with certain cations in solutions such as lead, thorium, cadmium, zinc, manganese and ammonium ion (Sprynskyy et al. 2007; Villasenor et al. 2011) . The framework of zeolite contains various channels and cavities where cations and water molecules are located. The channel structure of zeolites acts as a molecular sieve for selective cation exchange (Tabatabaei et al. 2012) .
The natural zeolite has been used widely for improvement of the physical and chemical properties of the compost and immobilization of heavy metals during the sewage sludge composting (Zorpas et al. 2000; Sprynskyy et al. 2007; Villasenor et al. 2011) . Zeolite could improve the composting process due to its ability to increase the porosity of the substrate (Zorpas et al. 2000) . It has the ability to readily uptake almost all heavy metals that are bound to the exchangeable and the carbonate fractions (Singh and Kalamdhad 2012b) . Therefore, the aim of the present study was to reduce most bioavailable fractions of Zn, Cu, Mn, Fe, Ni, Pb, Cd and Cr using natural zeolite during the composting of water hyacinth mixed with cattle manure and sawdust.
Materials and methods

Feedstock materials
Water hyacinth, cattle manure (cow dung) and sawdust were used for the preparation of different compost mixtures. Water hyacinth was collected from the Amingoan industrial area near Indian Institute of Technology Guwahati campus, India. Cattle manure was obtained from dairy farm near the campus. Sawdust was purchased from nearby saw mill. Natural zeolite (powder form) was purchased from G. M. chemicals Pvt. Ltd., Gujarat, India. Kalamdhad (2012a, 2013a, b) suggested that mixture of 90 kg water hyacinth, 45 kg cattle manure and 15 kg sawdust was best combination for reduction of bioavailability of heavy metals during water hyacinth composting, therefore, in this study same combination was used with 5, 10 and 15 % zeolite. Prior to composting, the maximum particle size of the waste mixture was restricted to 1 cm to provide better aeration and moisture control. The waste composition of different treatments is given as follows: control (water hyacinth 90 kg ? cattle manure 45 kg ? sawdust 15 kg), zeolite 1 (control ? 5 % zeolite), zeolite 2 (control ? 10 % zeolite) and zeolite 3 (control ? 15 % zeolite). Initial characterizations of zeolite were found as follows: pH 8.85 ± 0.05, electrical conductivity (dS/m) 1.58 ± 0.03, moisture content (%) 3.75 ± 0.15, volatile solids (%) 11.73 ± 0.03, nutrients in mg/kg (Na 7,100 ± 100, K 1,850 ± 100, Ca 6,575 ± 0.08 and Mg 1,175 ± 125), and concentration of total heavy metals in mg/kg (Zn 6.61 ± 0.54, Cu 1.15 ± 0.05, Mn 4.60 ± 0.10, Fe 8.10 ± 0.26, Pb 0.72 ± 0.065 and Cr 0.08 ± 0.003).
Design of agitated pile composting
Four different waste combinations were prepared into trapezoidal piles (length 2,100 mm, base width 350 mm, top width 100 mm and height 250 mm, having length to base width (L/W) ratio of 6). Composting period for agitated pile composting was decided 30 days Kalamdhad 2012a, 2013a, b, c) . Agitated piles contained approximately 150 kg of different waste combinations and it was manually turned on 3, 6, 9, 12, 15, 18, 21, 24 , 27 and 30th day. The samples from the piles were collected after turning at 0, 6, 12, 18, 24 and 30th day during the composting process.
Experimental analysis
A digital thermometer was used for temperature monitoring during the composting process. Each sample was analyzed for the following parameters: pH (1:10 w/v waste: water extract), moisture content and total organic carbon (TOC) (Kalamdhad et al. 2009 ). The atomic absorption spectrometer (AAS) (Varian Spectra 55B) was used for analysis of Zn, Cu, Mn, Fe, Ni, Pb, Cd and Cr concentrations after digestion of 0.2 g sample with 10 mL of H 2 SO 4 and HClO 4 (5:1) mixture in block digestion system (Pelican Equipments, Chennai, India) for 2 h at 300°C.
Sequential extraction method developed by Tessier et al. (1979) for heavy metal speciation was followed; according to this method, the metals bound to five fractions: exchangeable (F1), carbonate (F2), reducible (F3), oxidizable (F4) and residual (F5) fraction. The detail methodology of sequential extraction was followed as Singh and Kalamdhad (2012a) . The bioavailability factor (BF) was calculated as follows:
All the results reported are the means of three replicates. Repeated measures treated with analysis of variance (ANOVA) were made using STATISTICA software. The objective of the statistical analysis was to determine the any significant differences among the parameters analyzed for different proportions.
Results and discussion
Physico-chemical analysis
The variation in temperature profiles in control and all zeolite treatments during the composting process is shown in Fig. 1a . The temperature was measured in the range of 48.6-56.2°C in control and zeolite treatments during the thermophilic phase due to the extreme microbial activity (Chiang et al. 2007 ). The thermophilic phase started slightly later in zeolite treatments in comparison to control but maximum thermophilic temperature of zeolite treatments was similar as control except zeolite 3. It could be explained as microbes take slightly more time for acclimatization with zeolite compost mixture than control. Higher addition of zeolite may absorb water, causing anaerobic condition for composting microorganisms (Villasenor et al. 2011) ; consequently, it reduced degradation of organic matter during the composting process. Figure 1b shows the significant reduction in moisture content in control and all zeolite treatments during the process (F = 92.8, p \ 0.05). The higher reduction of moisture content was observed in control (55.25 %) followed by zeolite 1 (52.38 %), zeolite 2 (50.66 %) and zeolite 3 (47.18 %) treatments. Lower reduction of moisture content in all zeolite treatments occurred in comparison to control due to moisture retained by zeolite during the process (Villasenor et al. 2011) . Figure 1c illustrates the significant variation in pH values (F = 18.1, p \ 0.001) from 6.38 to 7.85 during the composting process. The initial pH of compost mixture with zeolite was increased a little in comparison to control. The pH decreased slightly in the beginning of the composting process which may be due to acid formation during the decomposition of organic matter (Zorpas et al. 2000) . The initial pH of zeolite feed mixtures was higher than control but at the end of composting process pH reduced and became neutral, similar as control. It might be due to the buffering capacity of composting process (Garg and Gupta 2011) . Figure 1d shows the significant reduction in TOC in control and all zeolite treatments during the process (F = 25.1, p \ 0.001). The TOC was reduced from 43.51 to 33.50 %, 34.52 to 18.16 %, 30.17 to 17.04 % and 26.24 to 18.06 % in control, zeolite 1, 2 and 3 treatments, respectively. The higher reduction of TOC was found in zeolite 1 (47.4 %) and zeolite 2 (43.5 %) treatments during the composting process; it can be attributed as the biodegradation of organic matter was progressed by the addition of the zeolite (Villasenor et al. 2011) . Zeolite has the ability to increase the porosity of the composting materials due to its bulking property, consequently enhanced the organic matter degradation (Zorpas et al. 2000) . The TOC was lower in zeolite-treated compost as compared to the control, similar results also observed by Zorpas et al. (2000) . TOC decreased during composting, which might be due to the microbial oxidation of the most labile forms of carbon, resulting in evolution of CO 2 (Garcia et al. 1995) . Table 1 illustrates the variation in total concentration of metals (Zn, Cu, Mn, Fe, Ni, Pb, Cd and Cr) in control and all zeolite treatments during the composting process. The total concentration of metals was increased due to reduction of organic matter and release of CO 2 during the mineralization processes (Zorpas et al. 2000) . The variation in Zn, Cu, Mn, Fe, Ni, Pb, Cd and Cr concentrations in control and zeolite-amended compost was significant (F = 7.36, p \ 0.001 for Zn, F = 42.72, p \ 0.05 for Cu, 
Speciation of heavy metals
According to Tessier et al. (1979) sequential extraction method, heavy metals are associated with five fractions: the F1 fraction which is likely to be affected by changes in ionic concentration as well as sorption-desorption processes; the F2 fraction which is most susceptible to changes in pH; the F3 fraction that is thermodynamically unstable under anoxic conditions; the F4 fraction that can be released under oxidizing conditions; the F5 fraction in which metals are permanently bound to crystal lattice of the mineral constituents of the compost. The F5 fraction will not be available for plants under the normal natural conditions.
Speciation of Zn, Cu, Mn, Fe and Ni
The Zn, Cu, Fe, Mn and Ni are essential elements required for normal growth and metabolism of plants, but high concentration of these elements may be toxic for plants (Singh and Kalamdhad 2011) . Figures 2 and 3 show the speciation of Zn, Cu, Mn, Fe and Ni in control and zeolite 1 treatments, respectively. Tables 2 and 3 illustrate the speciation of these metals in zeolite 2 and zeolite 3 treatments, respectively, during the composting process. The F1, F2 and F3 fractions of Zn were reduced in the control and zeolite 1 and 3 treatments. The F4 fraction was reduced in all treatments except zeolite 2 treatment during the process. It was increased in zeolite 2 treatment. Higher reduction of F1 (72.8 %) and F4 (79.6 %) fractions was observed in zeolite 1 treatment but higher reduction of F2 (70.0 %) and F3 (37.0 %) fractions was observed in zeolite 2 treatment. The F5 fraction of Zn was enhanced in all 
In the zeolite 1 and 2 treatments the order was:
The F4 fraction of Zn was transformed into F3 and F5 fractions in all zeolite treatments. The BF of Zn was decreased from 0.75 to 0.48, 0.28 to 0.15, 0.21 to 0.13 and 0.20 to 0.15 in control and zeolite 1, 2 and 3 treatments, respectively (Fig. 4) . The higher reduction of BF was observed in Zeolite 1 treatment (45.57 %) followed by zeolite 2 (38.41 %), control (36.37 %) and zeolite 3 treatments (27.30 %). Zorpas and Loizidou (2008) reported that Zn was mainly found in the F3 and F4 fractions in the sewage sludge compost with natural zeolite, however, in the present study it was mainly associated with the F5 fraction. The reduction of BF in zeolite 1 and 2 treatments might be due to the formation of Zn complex with various organic functional groups of humic substances formed during the maturity of compost (Singh and Kalamdhad 2012a) . Kumpiene et al. (2008) suggested that cation exchange and complexation by organic ligands are the main Zn bioavailability-controlling mechanisms. The variation in F1, F2, F3, F4 and F5 fractions of Zn in control and zeolite treatments was significant (F = 20.7, p \ 0.001 for F1, F = 15.0, p \ 0.001 for F2, F = 12.3, p \ 0.001 for F3, F = 45.6, p \ 0.05 for F4, F = 5.04, p \ 0.001 for F5). The F1, F2, F3 and F4 fractions of Cu were reduced in the control and all zeolite treatments. Higher reduction of F1 (78.59 %) and F2 (83.54 % of total fraction) fractions were observed in zeolite 1 treatment. Higher reduction of F3 (77.88 %) and F4 (54.0 %) fractions were observed in zeolite 2 treatment. The F5 fraction of Cu was increased in all treatments during the process. The BF of Cu was decreased from 0.63 to 0.28, 0.15 to 0.06, 0.11 to 0.04 and 0.10 to 0.05 in control and zeolite 1, 2 and 3 treatments, respectively (Fig. 4) . Higher reduction of BF was observed in zeolite 2 treatment (66.4 %) followed by zeolite 1 (63.0 %), control (55.5 %) and zeolite 3 treatments (52.6 %). This is caused by the uptake of easily available fractions of Cu by natural zeolite, while in zeolite 3 treatment results were not satisfactory. Zorpas et al. (2000) reported that a maximum amount of Cu was bound to the F4 and F5 fractions, while \2 % in the F1 and F2 fractions during sewage sludge composting with natural zeolite. While in the present study Cu was mostly bound to the F5 fraction. The F1 and F2 fractions contributed less that 2 % in all zeolite treatments, whereas in control these fractions were more than 2 %. Results reveal that addition of zeolite significantly reduced the F1 and F2 fractions of Cu during the composting process. The maximum reduction of movable fractions (from F1 to F4) of Cu was observed in zeolite 2 and 3 treatments; it happened by maximum organic matter loss resulting in conversion of organic matter into humic substances which have high contents of carboxyl groups (Liu et al. 2008) . The variation in F1, F2, F3, F4 and F5 fractions of Cu in control and zeolite treatments was significant (F = 44.9, p \ 0.001 for F1,
The F1, F2, F3 and F4 fractions of Mn were reduced in the all zeolite treatments in comparison with control. The F1 and F3 fractions were reduced while remaining mobile fractions (F2 and F4) were increased in the mature compost. The F5 fraction was increased in control and all zeolite treatments. The maximum reduction of F1 (70 %) and F2 (73.4 % of total fraction) fractions was observed in zeolite 2 treatment; whereas higher reduction of F3 and F4 fractions was observed in control and zeolite 3 treatments. The BF of Mn was decreased from 0.65 to 0.47, 0.84 to 0.60, 0.78 to 0.35 and 0.71 to 0.44 in control and zeolite 1, 2 and 3 treatments, respectively (Fig. 4) . Higher reduction of BF was observed in zeolite 2 (55.0 %) followed by zeolite 3 (38.7 %), zeolite 1 (33.79) and control (26.5 %). Zorpas et al. (2000) reported approximately 60 % of Mn was bound to the F3 fraction during sewage sludge composting with natural zeolite despite the fact that in the present study the F5 fraction of Mn was dominant fraction and it was about 40-60 % of total fraction in control and zeolite treatments. It has been observed that the F5 fraction was increased in zeolite-added compost in comparison to control; it indicated that mobile fractions (F1 to F4) of Mn were transformed into most stable F5 fraction due to zeolite addition. The variation in the F1, F2, F3, F4 and F5 fractions of Mn in control and zeolite treatments was significant (F = 77.7, p \ 0.05 for F1, F = 19.1, p \ 0.001 for F2, F = 21.0, p \ 0.001 for F3, F = 62.7, p \ 0.05 for F4, F = 23.8, p \ 0.001 for F5).
The F1, F2, F3 and F4 fractions of Fe were reduced in the control and all zeolite treatments. Higher reduction of F1 and F2 fractions was observed about 70.9 and 74.5 % of the total fraction in zeolite 2 and control treatments, respectively; but higher reduction of F3 and F4 fractions was observed about 58.4 and 68.4 % of the total fraction, respectively, in zeolite 1 treatment. The F5 fraction of Fe was increased in control and all zeolite treatments. The F1 fraction reduced significantly in all zeolite treatments compared to control. The BF of Fe was decreased from 0.82 to 0.67, 0.41 to 0.14, 0.37 to 0.15 and 0.42 to 0.20 in the control and zeolite 1, 2 and 3 treatments, respectively (Fig. 4) . Higher reduction of BF was observed in zeolite 1 treatment (63.4 %) followed by zeolite 2 (61.1 %), zeolite 3 (53.1 %) and control (18.8 %). It has been observed that higher BF was reduced in all zeolite treatments in comparison with control, which suggested that the addition of natural zeolite could check the mobility and bioavailability of Fe during the composting process. The F5 fraction of Fe was dominant (about 84-91 % of total fraction) in all zeoliteamended compost, however, in the control F4 fraction was dominant. Zorpas et al. (2000) reported that Fe was bound to the F3 and F5 fractions (about 95 % for the Fe). Zorpas and Loizidou (2008) The F1 and F2 fractions of Ni were reduced in the control and all zeolite treatments. Higher reduction of these fractions was observed about 64 and 67 % of the total fraction in zeolite 1 and 2 treatments, respectively; it could be explained as zeolite has taken up the Ni bound to the F1 and F2 fractions (Zorpas and Loizidou 2008) . The F5 fraction of Ni was increased in control and all zeolite treatments. The F1 fractions contribute about 5 % of the total fraction in final compost of control, however, this fraction contributes \2 % of total fraction in zeolite treatments. The F2 fractions contribute about 1.5 % of the total fraction in the final compost of control, but this fraction contributes \1 % of the total fraction in zeolite treatments. Similar results were also reported by Zorpas et al. (2000) in the sewage sludge compost with natural zeolite.
The BF of Ni was decreased from 0.12 to 0.06, 0.06 to 0.02, 0.07 to 0.03 and 0.033 to 0.015 in control and zeolite 1, 2 and 3 treatments, respectively (Fig. 4) . Highest reduction of BF was observed in zeolite 1 treatment (64.5 %) followed by zeolite 2 treatment (62.8 %), zeolite Mean values in columns are statistically different (ANOVA; P \ 0.05); ND-not detected 3 treatment (54.2 %) and control (46.9 %). Higher reduction of BF in all zeolite treatments in comparison with control indicated that zeolite could inhibit the bioavailability of Ni during the composting process. Zorpas and Loizidou (2008) reported that Ni was found to be associated with the F3 fraction (36 %) and the F5 fraction (23 %) during the sewage sludge compost with natural zeolite. In the present study, Ni was mostly bound to the F5 fraction (about 93-98 % of total fraction), whereas F3 and F4 fractions were not detected throughout the composting process. The variation in F1, F2 and F5 fractions of Ni in control and zeolite treatments was significant (F = 18.6, p \ 0.001 for F1, F = 19.0, p \ 0.001 for F2, F = 20.1, p \ 0.001 for F5).
Speciation of Pb, Cd and Cr
The Cr, Pb and Cd are not required for plant growth but even very less concentration of these metals can be toxic for plants and humans (Singh and Kalamdhad 2011) . Figures 2 and 3 show the speciation of Pb, Cd and Cr in control and zeolite 1 treatments during the process, respectively. Tables 2 and 3 illustrate the speciation of these metals in zeolite 2 and 3 treatments, respectively, during the process.
The F1 and F2 fractions of Pb were reduced in the control and all zeolite treatments. Higher reduction of F1 (71.0 %) and F2 (67.8 % of total fraction) fractions was in zeolite 1 and 2 treatments, respectively, during the composting process; it might be due to these fractions taken up from the zeolite and transferred to the more stable fractions (Zorpas and Loizidou 2008) . The F5 fraction of Pb was increased (percentage of total fraction) in all zeolite treatments and it was reduced in control. Zorpas et al. (2000) reported that Pb bound to the F3 and F5 fractions (83 % for the Pb); on the other hand, in the present study Pb was mainly bound to the F5 fraction (about 97-98 % of total fraction). The F3 and F4 fractions of Pb were not found during the composting process. The BF of Pb was decreased from 0.056 to 0.025, 0.044 to 0.013, 0.040 to 0.013 and 0.048 to 0.023 in control and zeolite 1, 2 and 3 treatments, respectively, during the process (Fig. 4) . Higher reduction of BF was observed in zeolite 1 treatment (69.6 %) followed by zeolite 2 (67.2 %), control (51 %) and zeolite 3 (51.6 %) during the composting process. The reduction in BF of Pb in zeolite 1 and 2 treatments might be due to higher degradation of organic matter and conversion into humic substances resulting in the reduction of mobile fractions (F1, F2, F3 and F4) of Pb during the process. The lower values of BF were observed in all zeolite treatments when compared with control, confirmed that zeolite was efficient for reducing bioavailability of Pb in the mature compost. The variation in F1, F2 and F5 fractions of Pb in control and zeolite treatments was significant (F = 56.3, p \ 0.05 for F1, F = 13.2, p \ 0.001 for F2, F = 16.4, p \ 0.001 for F5). The F1 and F2 fractions of Cd were reduced in the control and all zeolite treatments during the process. Higher reduction of F1 and F2 fractions was observed about 72.2 and 69.8 % of total fraction in zeolite 1 and 2 treatments, respectively; it could be attributed to the ionexchange reactions in the microporous minerals of the zeolite (Erdem et al. 2004 ). The F5 fraction of Cd was increased (percentage of total fraction) in all zeolite treatments although it was reduced in control during the composting process. According to Zorpas et al. (2000) about 60 % of Cd was bound to the F3 fraction during sewage sludge composting with natural zeolite, while in the present study the F5 fraction of Cd was dominant and contributed about 98 % of the total fraction. The F1 and F2 fractions of Cd was contributed about 3.4 and 1.9 % of total fraction, respectively, in the final compost of control; however, these fractions were assessed \1 % of total fraction each in the final compost of zeolite treatments. The reduction in most bioavailable fractions of Cd attributed as enhancement of initial pH in all zeolite treatments.
The BF of Cd was decreased from 0.06 to 0.053, 0.035 to 0.014, 0.033 to 0.014 and 0.033 to 0.015 in control and zeolite 1, 2 and 3 treatments, respectively, during the process (Fig. 4) . Higher reduction of BF was observed in zeolite 1 treatment (61.3 %) followed by zeolite 2 (59.1 %), zeolite 3 (53.9 %) and control (10.5 %). Higher reduction of BF was observed in all zeolite treatments as compared to control it may be attributed as zeolite taken up easily available fractions of Cd; furthermore, higher degradation of organic matter and conversion into humic substances result in binding of mobile fractions (F1, F2, F3 and F4) of Cd with zeolite. The variation in F1, F2 and F5 fractions of Cd in control and zeolite treatments was significant (F = 50.3, p \ 0.05 for F1, F = 13.0, p \ 0.001 for F2, F = 3.1, p = 0.002 for F5). The F1 and F2 fractions of Cr were reduced in the control and zeolite treatments. The F3 and F4 fractions were reduced in control and zeolite 1 treatments, while these fractions were increased in zeolite 2 and 3 treatments during the composting process. Higher reduction of F1 and F3 fractions was observed about 60.7 and 69.5 % of the total fraction in zeolite 2 treatment, and the maximum reduction of F2 fraction was observed about 76.1 % of total fraction in zeolite 1 treatment. The F5 fraction of Cr was increased in control and all zeolite treatments. The BF of Cr was decreased from 0.29 to 0.18, 0.15 to 0.06, 0.11 to 0.06 and 0.11 to 0.07 in control and zeolite 1, 2 and 3 treatments, respectively, during the process (Fig. 4) . Higher reduction of BF was observed in zeolite 1 treatment (62.7 %) followed by zeolite 2 (46.9 %), zeolite 3 (38.6 %) and control (36.4 %) during the composting process. The higher reduction of BF was observed in all zeolite treatments in comparison with control in the final compost. Zorpas et al. (2000) reported that a maximum amount of Cr was bound to the F4 and F5 fractions while \2 % in the F1 and F2 fractions in the zeolite-amended sewage sludge compost. Despite the fact that in the present study Cr was mainly associated with F5 fraction. The F1 and F2 fractions of Cr was observed about 9.1 and 4.0 % of total fraction, respectively, in the final compost of control; whereas these fractions were measured \2.5 and 1.5 % of total fraction, respectively, in the final compost of zeolite treatments. The higher reduction in BF of Cr in zeolite 1 and 2 treatments might be due to the higher degradation of organic matter and reduction in readily available fractions (F1 and F2) of Cr during process. Furthermore, it could be attributed as zeolite has the ability to absorb and exchange Cr with other cations (Na, K and Ca) (Zorpas and Loizidou 2008) Correlation analysis between pH, TOC and bioavailable fractions of heavy metals
The bioavailabilities of heavy metals depend on pH and TOC during the composting process, so the linear correlation was analyzed between pH, TOC and bioavailable fractions (F1, F2, F3 and F4). Figure 5 illustrates linear correlation of pH with different fractions of Zn and Cu in control and zeolite treatments. The F1 and F2 fractions of Zn were correlated with pH in zeolite 1 treatment (88.5 % for F1 and 87.9 % for F2). Very poor correlation was observed in zeolite 2 and 3 treatments. An inverse relation was found between all fractions (except F3) and pH in zeolite 1 treatment. All fractions of Cu were negatively correlated with pH in zeolite 1 treatment. The F3 and F1 fractions of Cu were well correlated with pH in zeolite 1 and 3 treatments, respectively (83.9 % for F1 and 87 % for F3), however, all fractions of Cu were poorly correlated (\0.5 %) with pH in zeolite 2 treatment. There was no strong correlation observed between all fractions of Mn and pH in control and all treatments. The F2 fraction of Mn was not correlated with pH in zeolite 2 treatment (Fig. 6) . The F1 fraction of Fe was not correlated with pH in zeolite 2 and 3 treatments, while it was correlated ([70 %) with pH in control and zeolite 1 treatments (Fig. 6 ). All fractions of Fe were correlated with pH in zeolite 1 treatment (75.8 % for F1, 84.8 % for F2, 77.1 % for F3 and 72.7 % for F4). Figure 7 illustrates linear correlation of pH with F1 and F2 fractions of Ni and Pb in control and zeolite treatments. The correlation of pH with F3 and F4 fractions of Ni, Pb and Cd was not applicable. The F1 and F2 fractions of Ni weakly or not correlated with pH in zeolite 2 and 3 treatments, on other hand these fractions were correlated with pH in control and zeolite 1 treatment. The F1 and F2 fractions of Pb were negatively correlated with pH in zeolite 1 treatment (84.2 % for F1 and 79.8 % for F2). The F1 fraction of Pb does not depend on pH in the zeolite 2 treatment. The F1 and F2 fractions of Cd were correlated strongly in control in comparison with zeolite treatments (Fig. 8) , but dependency of these fractions with pH was very less (\1 %) as found in zeolite 2 treatment. Similar to other metals, different fractions of Cr were not effectively correlated with pH in zeolite 2 treatment (Fig. 8) . A negative correlation of F1 and F2 fractions of Cr was examined in zeolite 2 treatment (82.6 % for F1 and 64.2 % for F2). Table 4 illustrates linear correlation of TOC with different fractions of Zn, Cu, Mn, Fe, Ni, Pb, Cd and Cr in control and zeolite treatments. The TOC was strongly correlated with F1 and F2 fractions of Zn in zeolite 1 treatment (95.6 % for F1 and 97.4 % for F2). Very poor correlation of different fractions of Zn was found in control and zeolite 3 treatments. Strong correlation of TOC with F3 fraction of Cu was observed in zeolite 1 treatment (96.8 % for F3). The F1 and F2 fractions of Mn were strongly correlated with TOC in zeolite 3 treatment (94.9 % for F1 and 97.7 % for F2). Poor correlation of different fractions of Mn with TOC was found in control as compared with zeolite treatments. F1 fraction of Mn was correlated with TOC zeolite 3 treatment (96.4 % for F1). The F2 fraction of Fe was correlated with TOC 90.0, 91.5 and 95.9 % in zeolite 1, 2 and 3 treatments, respectively.
The correlation of TOC with F3 and F4 fractions of Ni, Pb and Cd was not applicable. The F1 and F2 fractions of Ni were correlated with TOC in the range of 73.2-92.9 % in zeolite 1 and zeolite 2 treatments. The F1 fraction of Pb was correlated with TOC about 91.8 and 92.2 % in zeolite 1 and 2 treatments, respectively, while F2 fraction was correlated with TOC about 93.5 and 92.6 % in control and zeolite 1 treatments. The F1 and F2 fractions of Cd were correlated with TOC about 99.9 and 89.4 % in zeolite 3 treatment, whereas very poor correlation was found in the control. The F1, F2, F3 and F4 fractions of Cr were correlated with TOC significantly in zeolite 3 treatment (about 85-95 %) in comparison with control, zeolite 1 and 2 treatment.
Conclusion
Natural zeolite addition enhanced the initial pH and organic matter degradation, and the resulting speciation of The total concentration of Pb was higher than Zn, Cu, Mn, Ni and Cr, but its BF was lowest among the all these metals. The total concentration of Cu and Cr was much lower than Pb and Ni but their BF were higher than Pb and Ni in the mature compost. The total concentration of Pb was eighteen times of Cd but BF of both metals was found to be equal. The order of BF in the control and zeolite treatments indicates that BF of heavy metals reduced as a result of zeolite addition and also exposes that toxicity of metals depends on its bioavailable fractions rather than total metal concentration. Therefore, this study concluded that the use of natural zeolite was successful for reducing bioavailability of heavy metals during water hyacinth composting mixed with cattle manure and sawdust. The conclusion from correlation analysis shows that bioavailable fractions of heavy metals were dependent effectively on pH and TOC in control and zeolite 1 treatments in comparison with zeolite 2 and 3 treatments. Unsatisfactory correlation of pH with different fractions was observed in zeolite 2 treatment.
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